Abstract The objectives are (1) to introduce a new concept of making a quantitative computed tomography (QCT) reporting system by using optical character recognition (OCR) and macro program and (2) to illustrate the practical usages of the QCT reporting system in radiology reading environment. This reporting system was created as a development tool by using an open-source OCR software and an open-source macro program. The main module was designed for OCR to report QCT images in radiology reading process. The principal processes are as follows: (1) to save a QCT report as a graphic file, (2) to recognize the characters from an image as a text, (3) to extract the T scores from the text, (4) to perform error correction, (5) to reformat the values into QCT radiology reporting template, and (6) to paste the reports into the electronic medical record (EMR) or picture archiving and communicating system (PACS). The accuracy test of OCR was performed on randomly selected QCTs. QCT as a radiology reporting tool successfully acted as OCR of QCT. The diagnosis of normal, osteopenia, or osteoporosis is also determined. Error correction of OCR is done with AutoHotkey-coded module. The results of T scores of femoral neck and lumbar vertebrae had an accuracy of 100 and 95.4 %, respectively. A convenient QCT reporting system could be established by utilizing open-source OCR software and open-source macro program. This method can be easily adapted for other QCT applications and PACS/EMR.
Introduction
Quantitative computed tomography (QCT) has become a diagnostic tool to evaluate the bone density. QCT has some important advantages over dual-energy X-ray absorptiometry (DXA) and is being increasingly utilized in diagnosis and screening of osteoporosis [1] . Currently, QCT usually outputs the QCT report as a graphic image of the T score values, which is not recognizable as a text (Fig. 1 ). Physicians or radiologists had to read the values on the picture archiving and communicating system (PACS) and typewrite the values on the electronic medical record (EMR) or radiologic report. This situation might be a tiresome task and has some probability of typographical error.
Optical character recognition, usually abbreviated as OCR, is a mechanical or electronic translation of scanned images from typewritten or printed text into machine-encoded text [2] . The OCR can be used for converting imaged values to text data. The OCR-powered radiology reporting system would be useful. In this article, we introduce the development of an automated QCT radiology reporting system by using OCR and macro program and illustrate the practical usages of automating QCT reports in radiology reading environment.
Materials and Methods

Hardware and Software
The software we used was Centricity® PACS RA1000 (GE Healthcare, Barrington, IL). The PACS workstation was used (XW6200, Hewlett-Packard, Palo Alto, CA) with 2.8-GHz Xeon processors (Intel, Santa Clara, CA), 3,072 MB RAM, Microsoft Windows XP SP3 with a video graphic array (NVIDIA Quadro FX 1400), and two flat panel LCD devices of 5 megapixels (Totoku Electric, Japan).
The macro program (AutoHotkey version 1.1.0) was used to design the main module. This open-source macro program is downloadable from the official webpage (http://www.autohotkey.com) [3] . GOCR version 0.49 was used for OCR, and this open-source OCR software is downloadable from the official webpage (http://jocr. sourceforge.net/api) [4] .
The QCT images were acquired by means of LightSpeed VCT64 (GE Healthcare, Milwaukee, WI). A QCT application (QCT PRO version 4.2.3., Mindways Software) generated the QCT result image of the T scores of the lumbar vertebrae and femoral neck. The result images were transferred to the PACS server as DICOM files. These result images were reviewed at the PACS workstation.
Main Module of Radiological Reporting Tools
This reporting system was developed by using OCR software and macro program. The main module was designed to acquire OCR of QCT images in radiology reading process (Fig. 2) . All things except OCR were written by macro program AutoHotkey: screen capture, diagnosis according to given T score, switching to EMR/PACS, and transferring the values. By one predefined keystroke event, we developed a tool to automate the entire process for converting the QCT images into text reports. The principal processes are described below:
1. Capture of QCT report image. The first step is to save the QCT image ( Fig. 1 ) as a graphic file (JPG format) in a temporary folder of a hard disk drive. For efficiency, we designed the OCR to work within the certain area (i.e., localized box). The location of the T score can be fixed by the dedicated template in the PACS. 2. OCR of the image. The OCR engine loads the QCT report saved as an image file, and the characters in the image is converted into a text file (Fig. 3) . The text file is saved in a temporary folder. 3. Extraction of T scores. The critical values are extracted from the temporary text file. The T scores are retrieved by using a specific format pattern and certain position which can be obtained from a string "T score." The [diagnosis1] and [diagnosis2] can be determined by the T score according to World Health Organization guideline: T score −1.0 or greater is "normal," T score between −1.0 and −2.5 is "low bone mass" (or "osteopenia"), and T score −2.5 or below is osteoporosis [5, 6] . The macro program can fill up the [T score1] and [T score2] with the templates, and copy to clipboard of Windows. 6. Export of the QCT report. The QCT report is exported and pasted into the EMR or PACS (Fig. 4 ). This step is achieved by using the macro program: Window switching to EMR or PACS window, focusing the cursor on the input textbox, and sending the key [control V] for paste.
Accuracy Evaluation
The accuracy of OCR was evaluated from 500 randomly selected QCT images between May 2011 and June 2011. The OCR-recognized T scores from the reporting system were compared for accuracy with T scores which is eye recognized by two musculoskeletal radiologists. The confidence intervals of accuracies were calculated.
Results
The QCT by using open-source OCR and macro program acted successfully as a radiology reporting tool that used OCR to process QCT which evaluates the bone mineral density of the femoral neck and lumbar vertebrae. The macro inputs the QCT report into the EMR or PACS by automating the QCT reporting steps of reading the T scores from the QCT report (Fig. 4) . The diagnosis of normal, osteopenia, or osteoporosis is also determined according to T scores. In accuracy evaluation of T scores of the OCR and eye recognition, the results of the femoral neck and lumbar vertebrae T scores had an accuracy of 100 % (confidence interval 1.0-1.0, confidence interval; p<0.01) and 95.4 % (confidence interval 0.9356-0.9724; p<0.01), respectively.
Discussion
For the development of this QCT reporting tool, we used the OCR software GOCR and a macro program AutoHotkey. Fig. 3 The QCT images and OCR-generated texts QCT report images (a) and OCR-generated texts (b). The text from the primary OCR recognition has some errors such as splitting, segmentation, and alphabet vs. numbers Fig. 4 Screenshot of the QCT reports. This report can be automatically generated with QCT-OCR reporting tools
The GOCR is a widely used OCR engine for personal computer and smart phone. By using an OCR program, a more accurate task can be accomplished with the primary mechanical recognition performed by OCR and the secondary eye recognition verification. The macro program AutoHotkey is an open-source application for computing environment and is also applied in the field of radiology for more convenient radiology reading environment [7] [8] [9] . By using this macro, we made an automation of QCT reporting system. Also the macro program was utilized for the error correction. The accuracy of text recognition depends on the OCR application and the image quality. One should consider the optimal QCT image size because GOCR usually recognize image letters with 20-80 pixel size. In terms of text recognition of the T values visualized as numbers, the number figures were well recognized except for the some cases. These misrecognitions can be automatically corrected with macro-coded error correction. Moreover, they might be further improved by applying better algorithm.
Our method looks similar to the method in radiologic dosage report [10] . However, there are some differences: (1) we used the different OCR engine which is an open-source software and commonly used for development, and (2) In our study, the accuracies of OCR were 100 % for femoral neck and 95.4 % for lumbar vertebrae. The different results were resulted from the different fonts of the QCT report images. In a QCT application we used, the report was generated with blurry fonts (Fig. 1) . In terms of the vendor issue, our QCT software (QCT PRO, Mindways software) produced the different formats of QCT reports: One is clear font and an easily OCR-recognized font (Fig. 1a) and the other is a blurred font (Fig. 1b) . The ladder needs to be error corrected. We have asked the vendor the problem. We expect the vendor of the QCT application would update the report form with clearer fonts to resolve the font variation. And this point may be a factor for the future development of the QCT software.
In conclusion, the convenient QCT reporting system could be established by utilizing open-source OCR software and open-source macro program. This method can be easily adapted for other QCT applications and PACS/EMR.
